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Expression of DNA mismatch repair (MMR) protein (MLH1, PMS2, MSH2, and
MSH®6) in upper tract urothelial carcinoma (UTUC) has been explored in
Western cohorts, but it is rarely reported in Eastern cohorts. We aimed to
assess the loss of MMR protein expression among Chinese UTUC patients and
study its clinicopathological implications. We enrolled 175 UTUC patients at our
center and tested the expression of MMR proteins by immunohistochemistry.
Then, we explored these patients’ clinicopathological characteristics. We found
loss of MMR proteins in 19 (10.9%) of 175 patients in our cohort (6 MSH2 and
MSH6, 2 MSH6 alone, 6 MSH?2 alone, 3 MLH1 and PMS2, and 2 PMS2 alone).
Loss of MMR proteins was not a significant prognostic factor of relapse-free
survival for these patients. In addition, patients with lower T stage or with
bladder cancer history were more likely to have loss of MMR protein
expression. At last, two metastatic patients (MSH2 and MSH6 loss; MSH2 loss)
with loss of MMR protein experienced tumor recession after several cycles of
anti-PD-1 immunotherapy. In conclusion, this is the largest Chinese UTUC
cohort study to date that explores the loss of MMR protein expression. The rate
of MMR loss observed was comparable to that in the Western UTUC cohort,
supporting universal UTUC screening in China. Furthermore, a subset of
advanced UTUCs with MMR protein loss are probably immunogenic, for
whom single or combined immunotherapy may be potential therapeutic
options in the future.
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Introduction

Urothelial carcinoma (UC) is the sixth most common cancer
in America (1). Urothelial carcinoma of the bladder (UCB) takes
up 90%-95% of UC (2). Compared with UCB, upper tract
urothelial carcinoma (UTUC) is a rare malignant tumor,
accounting for 5%-10% of UCs (1, 3). UTUC normally
originates in the renal pelvis and ureter.

Lynch syndrome (LS) is defined by an autosomal dominant
tumor syndrome that is regarded as the loss of expression of
one of the DNA mismatch repair (MMR) genes including
MLH1, MSH2, MSH6, and PMS2 (4, 5). Alterations in MMR
genes often result in mutations that can be more vulnerable to a
diversity of malignancies, especially colorectal carcinomas,
endometrial carcinomas, and UTUCs (6).

However, universal cancer screening for LS is only suggested
for patients with colorectal or endometrial carcinoma by detecting
loss of MMR expression (7-9). Although UTUC is the third most
common malignancy in patients with LS, it is often neglected (10)
Approximately 2% (11) to 11% (12) of patients with UTUC were
reported to have loss of expression of MMR. Thus, in clinical
practice, doctors should pay more attention to UTUC in patients
with LS (13). In addition, it is of great importance to perform
universal screening for LS by detecting expression of MMR
proteins in UTUC patients.

Approximately 70.7% (14) to 100% (15) UTUC patients
were observed to develop a high-grade tumor eventually, with a
worse prognosis (16). The 5-year survival rate of patients with
pT2-pT3 is fewer than 60% and that of patients with pT4 or
metastatic (N/M1) tumors is fewer than 10% (17). Therefore,
more effective systematic treatment is in urgent need for
advanced UTUC patients.

Thus, we performed a retrospective study of Chinese UTUC
patients to assess the prevalence of MMR deficiency and analyzed
its clinicopathological implications. We also studied the efficacy of
immunotherapy in advanced UTUC patients to explore more
treatment regimens.

Methods
Patients and clinical information

Institutional Review Board approval was acquired at Fudan
University Shanghai Cancer Center (FUSCC). All patients
included in the study had signed written informed consent. A
total of 175 patients with UTUCs were enrolled. Clinical data were
retrospectively collected from the medical information system,
including demographics, history and family history, pathological
results, and radiographic imaging. We reviewed all patients in
conformity with the standard of WHO classification, especially
concerning pathological grading and tumor stage. In our study, we
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chose relapse-free survival (RFS) as the endpoint, which was
defined from the time of initial surgery until recurrence and
censored at death or last follow-up (18).

Immunohistochemistry staining
and evaluation

A total of 175 individual cases with formalin-fixed paraffin-
embedded (FFPE) tumor blocks were collected. All hematoxylin
and eosin-stained slides were reviewed by two professional
pathologists. Tissue microarrays (TMAs) of 175 UTUC cases
were constructed from the most typical regions of each case.
MMR protein IHC was applied to detect the expression of the
DNA MMR proteins MLH1 (#ab92312, Abcam, UK), PMS2
(#ab110638, Abcam, UK), MSH2 (#ab227941, Abcam, UK),
and MSH6 (#ab92471, Abcam, UK). MMR proteins were
considered lost when the tumor nuclei completely lacked
staining and a positive internal control was present in the
form of lymphocytes and/or endothelial cells.

Statistical analysis

Variables were classified as continuous and categorical
variables. Median (range) were used for continuous variables
and frequencies were used for categorical factors. RFS was
analyzed by using Kaplan-Meier analysis and different survival
curves were compared via Log-rank test. We used Cox
regression analysis to analyze the hazard ratio (HR) and 95%
confidence interval (CI) for the association between different
clinical factors and RFS. p-value < 0.05 was set to imply the level
of statistical significance by using two-sided statistical tests. The
statistical analyses were performed with SPSS Version 23.0
(IBM, Ehningen, Germany).

Results
Patient characteristics

In total, 175 patients with UTUC were analyzed in this
study. Baseline characteristics are depicted in Table 1. The
median age at diagnosis was 66 years old (range: 33 to 85
years), and 51.3% (n = 101) of the patients were male. In terms
of laterality, 90 patients (51.4%) were left and 85 patients
(48.6%) were right. A total of 57 patients (32.6%) were pT1
and 118 patients (67.7%) were pT2-pT4. Of 175 cases, high-
grade UTUC (n = 163; 93.1%) was more prevalent than low-
grade UTUC (n = 12; 6.9%). The tumor location was at the
renal pelvis in 89 patients (50.9%), at the ureter in 72 patients
(41.1%), and at both in 14 patients (8.0%).
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TABLE 1 Baseline characteristics of the study cohort (N = 175).

Characteristics Overall Cohort (N, %) MMR protein loss (N, %) No MMR protein loss (N, %) p-value

Age at diagnosis, years 0.033
Median (range) 66 (33-85) 67 (52-80) (33-85)

Sex 0.611
Female 74 (37.6) 6 (31.6) 68 (43.6)
Male 101 (51.3) 13 (68.4) 88 (56.4)

Laterality 0.708
Left 90 (51.4) 9 (47.4) 81 (48.1)
Right 85 (48.6) 10 (52.6) 75 (51.9)

Smoking history 0.447
No 115 (65.7) 11 (57.9) 104 (66.7)
Yes 60 (34.3) 8 (52.1) 52 (33.3)

History of bladder cancer 0.022
No 156 (89.1) 14 (73.7) 142 (91.0)
Yes 19 (10.9) 5 (26.3) 14 (9.0)

History of non-bladder cancer 0.091
No 151 (86.3) 14 (73.7) 137 (87.8)
Yes 24 (13.7) 5 (26.3) 19 (12.2)

Family cancer history 0.405
No 134 (76.6) 16 (84.2) 118 (75.6)
Yes 41 (23.4) 3 (15.8) 38 (24.4)

T stage 0.332
Tl 57 (32.6) 9 (47.4) 48 (30.8)
T2 51 (29.1) 5 (26.3) 46 (29.5)
T3 60 (34.3) 5 (26.3) 55 (35.3)
T4 7 (4.0) 0 (0) 7 (4.5)

N stage 0.425
NO 162 (92.6) 19 (100) 143 (91.7)
N1 4(2.3) 0 (0) 4(2.6)
N2 9 (5.1) 0 (0) 9(5.8)

Pathological stage 0.210
Low 12 (6.9) 0 (0) 12 (7.7)
High 163 (93.1) 19 (100) 144 (92.3)

Carcinoma in situ 0.163
No 155 (88.6) 16 (84.2) 139 (89.2)
Yes 20 (11.4) 3 (15.8) 17 (10.8)

Region 0.798
Renal pelvis 89 (50.9) 10 (52.6) 79 (50.6)
Ureter 72 (41.1) 8 (42.1) 64 (41.0)
Both 14 (8.0) 1(53) 13 (8.3)

MMR protein /
Loss 19 (10.9) 19 (100) 0 (0)
No loss 156 (89.1) 0 (0) 156 (100)

Difference between patients with "MMR protein loss" and "No MMR protein loss" were compared, which was shown as P value. Bolded values indicate the P value<0.05, which was
statistically significant.

Expression proﬁ[es and C[inicopatho[ogic patients were found with the loss of both MSH2 and

correlations of MMRs in UTUC MSHS, two patients showed loss of MSH6 alone, six patients
showed loss of MSH2 alone, three patients showed loss of both
We found loss of expression of at least one of the MLHI1 and PMS2, and two patients showed PMS2 loss

MMR proteins by IHC in 19 patients (10.9%). Six alone (Figure 1).
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FIGURE 1
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TABLE 2 Data of patients with loss of MMR protein.

Case Age Sex Laterality Location Grade pT  Family cancer Loss pattern of UCB cancer Non-UCB cancer
stage history MMR-IHC history history
1 73 Male  Right Renal High T3 No MSH2, MSH6 No No
pelvis
2 66  Female Left Renal High T1 No MSH6 Yes No
pelvis
3 80 Male  Right Renal High T1 Brother, colon MSH2 No No
pelvis cancer
4 56 Male  Left Renal High T3 No MSH2 No No
pelvis
5 68 Male  Right Ureter High T1 No MHLI1, PMS2 Yes Colon cancer
6 71  Male  Left Both High T1 Father, colon cancer MSH2, MSH6 No Colon cancer
7 77 Male  Right Ureter High T3 No MSH2 No No
8 69  Female Left Ureter High T1 No MSH2, MSH6 No No
9 52  Female Left Renal High T1 No MSH2, MSH6 No No
pelvis
10 71  Female Right Ureter High T2 Father, lung cancer =~ MHLI, PMS2 No Breast cancer
11 59  Male Right Renal High T1 No MSH2 No No
pelvis
12 65 Male Right Renal High T2 No MSH2, MSH6 No No
pelvis
13 61 Male  Right Ureter High T1 No MSH6 Yes No
14 74  Male  Left Renal High T3 No MHLI1, PMS2 Yes No
pelvis
15 66  Female Left Renal High T3 No MSH2 No No
pelvis
16 71  Male  Left Ureter High T2 No MSH2 No No
17 67 Male  Right Renal High T2 No MSH2, MSH6 No Colon cancer
pelvis
18 57 Male  Right Ureter High T2 No MHL1 Yes No
19 65 Female Left Ureter High T1 No MHLI1 No Thyroid cancer
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Clinical data of these 19 patients are demonstrated in Table 2.
The median age was 66.7 years old (range: 52 to 80 years) and 13
cases (68.4%) were male. Ten cases were right and nine cases were
left in terms of laterality. The tumor location was the renal pelvis
in 10 cases, the ureter in 8 cases, and both in 1 case. All 19 patients
showed high-grade tumors. Nine patients were pT1, five patients
were pT2, and five patients were pT3. Three patients had a
documented family cancer history, and five patients had UCB
cancer history (Table 2).

Impact of MMR expression on survival
in UTUC

Kaplan-Meier analysis showed that history of non-UBC
(p = 0.003), pT staging (p < 0.001), pN staging (p < 0.001), and
pathological grade (p = 0.027) were significant prognostic factors
for RFS (Figure 2). However, it demonstrated that loss of MMR
protein staining and carcinoma in situ were not significant
prognostic factors for RFS. Univariate Cox regression analysis
revealed that history of Non-UBC (p = 0.004), pT staging (p =
0.001), and pN staging (p = 0.001) were significant prognostic
factors for RFS, which was further proven in multivariate Cox
regression analysis (Table 3).

There was no significant difference in terms of loss of MMR
protein expression between cases with or without carcinoma
in situ and non-bladder cancer history (Figures 3B, D).
Compared with pT3 or pT4 patients, pT1-pT2 patients had a
significantly higher proportion of the loss of MMR protein
expression (Figure 3A). Compared with the patients without
bladder cancer history, patients with bladder cancer history had
a significantly higher proportion of the loss of MMR protein
expression (Figure 3C).
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MMR expressions in patients developing
advanced disease and receiving
immunotherapy during follow-up

Distant or unresectable loco-regional recurrence was
detected in 15 cases during a median follow-up of 25 (range:
2-63) months after initial surgery. Information of these patients
is provided in Table 4. Among them, two (13.3%) were loss of
MMR expression. MMR THC staining and radiographic images
of two representative patients (one loss of MSH2 and one
loss of MSH2) are shown in Figure 3. Ten patients received
GC chemotherapy, and the other five received anti-PD-1
immunotherapy due to intolerance of or declination
to chemotherapy.

We specifically checked detailed information of systematic
treatment of two patients with loss of MMR protein. It
demonstrated that case 1 (loss of MSH2 and MSHG6)
developed lung metastasis 3 months after the radical
surgery. He then received three cycles of PD-1 inhibitors as
immunotherapy. It demonstrated that the lesion in lung recessed
a lot after the treatment. Case 7 (loss of MSH2) also developed
lung metastasis 1 year after the surgery. This patient was also
treated with PD-1 inhibitors. After six cycles of treatment, his
lung metastasis also experienced a recession. Five patients
(33.3%) died in the study period (Table 4).

Discussion

UTUCs are gradually considered as a major extra-colon
demonstration of LS. Patients suspected of LS have been assessed
by using Amsterdam and Bethesda standards in the past (19-
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Kaplan—Meier analysis of relapse-free survival of patients with different (A) non-UBC history, (B) pT staging, (C) pN staging, (D) pathological

grades, (E) MMR protein staining status, and (F) carcinoma in situ status.
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TABLE 3 Univariate and multivariate Cox regression analysis: relapse-free survival in upper urinary tract urothelial carcinoma.

Variables

Age at diagnosis (<65 vs. >65)
Sex (Male vs. Female)
Laterality (Right vs. Left)
Smoking history (No vs. Yes)
History of bladder cancer (No vs. Yes)
History of non-bladder cancer (No vs. Yes)
Family cancer history (No vs. Yes)
T stage
T2 vs. T1
T3 vs. T1
T4 vs. T1
N stage
N1 vs. NO
N2 vs. NO
Pathological stage (Low vs. High)
Carcinoma in situ (No vs. Yes)
Region
Ureter vs. Renal pelvis
Ureter + Renal pelvis vs. Renal pelvis

MMR protein (Loss vs. No loss)

p

0.217
0.995
0.917
0.977
0.321
0.004
0.889
0.001
0.246
0.005
<0.001
0.001
0.006
0.007
0.153
0.717
0.485
0.385
0.556
0.422

Univariate analysis

HR

1.453
0.999
1.015
0.991
1.501
2.612
0.954

1.648
2.989
8.266

5.287
3.62
23.658
1.16

1.296
0.696
1.521

95% CI

0.803-2.628
0.750-1.332
0.765-1.347
0.549-1.791
0.673-3.348
1.357-5.028
0.496-1.836

0.709-3.832
1.403-6.369
2.564-26.648

1.626-17.194
1.426-9.190

0.308-1,819.740

0.520-2.589

0.722-2.326
0.208-2.326
0.546-4.234

0.003

0.015
0.349
0.016
0.005
0.007
0.021
0.014

10.3389/fonc.2022.1012168

Multivariate analysis

HR

2.783

1.511
2.555
5.776

4.276
3.369

95% CI

1.408-5.500

0.636-3.589
1.192-5.479
1.722-19.369

1.248-14.656
1.274-8.913

Bolded values indicate the P value<0.05, which was statistically significant, in the univariate analysis and multivariate analysis. HR, hazard ratio; CI, confidence interval; MMR protein,

mismatch repair protein.
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TABLE 4 Characteristics of patients developing distant or
unresectable locoregional recurrence during the follow-up period
(N = 15).

Characteristics N (%)
Age at diagnosis, years

Median (range) 69 (61-82)
Sex

Female 4 (26.7)

Male 11 (73.3)
Unresectable recurrence site

Lung metastases 11 (73.3)

Liver metastases 3 (20)

Unresectable local recurrence 1(6.7)
Systematic therapy

GC chemotherapy 10 (66.7)

Immunotherapy 5(33.3)
MMR protein

Loss 2 (13.3)

No loss 13 (86.7)
Duration from initial surgery to confirmation of the recurrence

Median (range) 25 (2-63)
Alive/Dead

Alive 10 (66.7)

Dead 5(33.3)

22). In fact, many patients at risk of LS cannot be identified by
these two criteria. Encountering this problem, many institutions

10.3389/fonc.2022.1012168

recommend universal screening for colorectal carcinoma (23)
and endometrial carcinoma in these patients (24). Considering
its high sensitivity, cost-effectiveness, and high availability, many
medical institutions regard MMR-IHC as a first-line screening
test for LS-associated cancer (13, 15). The prevalence of MMR
THC loss was 5% to 14% in UTUC cases according to recent
studies (12, 13, 15, 25). Thus, Ju et al.?® suggested that universal
LS screening test should be recommended in all UTUCs.

In our study, approximately 10.9% of cases were detected with
loss of expression of the MMR proteins by IHC in UTUC. To date,
this is the largest cohort study of unselected patients of UTUC for
MMR protein testing in China. We found that the most common
loss pattern was pairs of MSH2 and MSH6 (31.6%) as well as
MSH2 alone (31.6%) in our study. According to recent studies, it
is a well-known fact that the proportion of UTUC patients with
MSH2/MSH6 loss (particularly MSH2 germline mutations) is
more than patients with other types of MMR loss (15, 26). We
found two representative cases among 19 patients, one case with
both MSH2 loss and MSHG6 loss and another case with MSH2 loss
alone, and these two typical cases developed lung metastasis after
radical surgery. After immunotherapy, lung lesion significantly
recessed (Figure 4), which emphasized the predictive value of
MMR loss for immunotherapy.

In our study, the average age of 19 patients with UTUC was
66.7 years, while the average age of the overall cohort cases was 66
years, which was very similar. The median age of LS patients with
UTUC was lower; 52.6% of these locations are in the renal pelvis
and 42.1% are in the ureter. All 19 of our LS-related UTUC

Case 1: MSH2 & MSH6 negative

MSH2 MSH6

Case 7: MSH2 negative

Lung metastasis  After immunotherapy

MSH2

-

FIGURE 4

MMR expressions in patients developing advanced disease and receiving immunotherapy during follow-up. (A) Representative Case No. 1. A
patient with loss of MSH2 and MSH®6 staining developed lung metastasis after the surgery. After three cycles of PD-1 inhibitors as
immunotherapy, the lesion in lung recessed a lot. (B) Representative Case No. 7: A patient with loss of MSH2 staining developed lung metastasis
1 year after the surgery. After 4 months of treatment, his lung metastasis also experienced a recession. Case 7 (loss of MSH2) also developed
lung metastasis 1 year after the surgery. After six cycles of PD-1 inhibitors as immunotherapy, the lung metastasis also experienced a recession
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patients had high-grade tumors in pathology, which was
consistent with the high-level morphology of all UTUCs in LS
patients in the previous literature (15).

Some limitations exist in our study. Although the sample
size of 175 cases was already the largest cohort study in China,
the single-center structure and retrospective nature still
limited the generalization of this study. Therefore, further
research is needed to verify our conclusions externally. In
addition, we must also consider the disadvantages of TMA-
based platforms. Even if the expression of MMR protein at the
core of non-tumor tissue is misjudged positive for small tissue
form, MMR loss may be underestimated due to sampling
problems. Last but not least, we are unable to conduct genetic
testing for all patients with MMR-IHC expression loss to
achieve a final diagnosis. For this reason, our conclusions are
still weak and need more in-depth analysis.

In conclusion, we studied the expression profile and
clinicopathologic correlations of the MMR protein in the
largest Chinese UTUC cohort, considering the rarity of
UTUC and the relatively high incidence of LS-associated
UTUC patients. In order to improve the cost-effectiveness
and interest of patients and their families, we recommend
MMR protein IHC (MLH1, PMS2, MSH2, and MSH6) to be
included in the diagnostic guidelines for the general screening
of LS-associated UTUC (27, 28).
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